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Lippia grandis Schauer is an aromatic plant that has been used as a spice in Brazilian culinary and in tra-
ditional medicine to treat liver disease, disorders of the stomach and throat infections. We determined
the chemical composition of the essential oil of L. grandis and evaluated its potential for the treatment
of clinically-important pathogenic micro-organisms. The essential oil was obtained by hydrodistillation
and analyzed by gas chromatography-mass spectrometry (GC-MS), giving carvacrol (37.12%), q-cymene
(11.64%), and thymol (7.83%) as the main components. The agar disk diffusion method of the essential oil
was effective against 75% of the micro-organisms analyzed, in particular, Staphylococcus aureus, Entero-
coccus faecalis, and Escherichia coli. The minimum inhibitory concentration was 0.57 mg/ml for E. faecalis
and 1.15 mg/ml for all the other strains. The results indicate that the essential oil of L. grandis contains
chemical compounds with good potential for the treatment of infections.
Published by Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Lippia grandis Schauer (Verbenaceae), which is known in north-
ern Brazil as ‘‘erva-do-marajó’’, is a shrub found in the region’s sav-
annas and natural grassland, in particular in the eastern Amazon
basin (Maia, Taveira, Andrade, Silva, & Zoghbi, 2003). The tea made
from the plant’s leaves is used to treat disorders of the liver and
stomach (Damasceno, Silva, Andrade, Sousa, & Maia, 2011) and
the fresh leaves have been used as a spice in Brazilian culinary.
Other species of the genus Lippia are also used as a food season-
ing or as a traditional medicine. Lippia dulcilis, for example, presents
a sesquiterpene compound valued at about 1000 times sweeter
than sucrose, which can be considered a prototype for a new gener-
ation of food sweeteners (Combrinck, Du Plooy, McCrindle, & Botha,
2007). In traditional medicine, infusions are used to treat nervous
conditions, hypertension, and nausea, while syrups are taken for
coughs and bronchitis (Hennebelle, Sahpaz, Joseph, & Bailleul,
2008). The potential anti-microbial power of the extracts and
essential oils of a number of Lippia species have also been evaluated,
and have been shown to be effective against a number of different
micro-organisms. Hernández, Tereschuk, and Abdala (2000) proved, s/n – Federal University of
arém, PA, Brazil, Tel.: + 55 93
 the Elsevier OA license.the antimicrobial power of Lippia turbinata against Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa, Shigella sp., and
Streptococcus sp. The essential oil of Lippia alba presents antimicro-
bial activity, being more effective against Gram-positive bacteria
(Alea, Luis, Pérez, Jorge, & Baluja, 1996), and also acting as a strong
fungicide for Candida albicans (Oliveira et al., 2006). Limonene, b-
caryophyllene, q-cymene, camphor, linalool, a-pinene, carvacrol,
and thymol are the most common components of the essential oils
of Lippia species (Pascual, Slowing, Carretero, Mata, & Villar, 2001),
some of which are responsible for speciﬁc biological properties
attributed to the genus.
Given these considerations, the present study focused on the
chemical composition of the essential oil obtained from the fresh
leaves of L. grandis collected in Santarém, in the Brazilian state of
Pará, and investigated their potential antimicrobial effects on clin-
ically-important pathogenic micro-organisms.2. Material and methods
2.1. Solvents and reagents employed
The dichloromethane used for analysis of the chemical compo-
nents of the essential oil was supplied by Merck (Rio de Janeiro,
Brazil) and distiled. For the antimicrobial assays, the culture media
were obtained from Difco (São Paulo, Brazil). Tween 80, used in
dilution series of the essential oil, and resazurin, an indicator of cell
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dard antimicrobial agents were supplied by Cecon (São Paulo,
Brazil).
2.2. Plant material
Aerial parts of L. grandis were collected during the growing sea-
son at the Alter-do-Chão community in the municipality of Santa-
rém, in the Brazilian state of Pará, in August, 2008. The position of
the plant from which the specimens were obtained was deter-
mined using the Global Positioning System (GPS). The coordinates
were 0230’870’’S, 5456’416’’W, and the altitude was approxi-
mately 52 m above sea level. Reference specimens were deposited
in the EMBRAPA-Eastern Amazonia herbarium under catalogue
number IAN: 184688.
2.3. Extraction of the essential oil
The essential oil of L. grandis was obtained by hydrodistillation
in a Clevenger apparatus, adapted to a 6000 ml round-bottom
ﬂask. A sample of the fresh material (100 g) was immersed in dist-
iled water at a ratio of 1:10 (w/v). Extraction time was set at
180 min, counting from the moment at which the water in the ﬂask
began to boil. This procedure was repeated three times, rendering
2.7% of essential oil.
2.4. Identiﬁcation and quantiﬁcation of the chemical components of
the essential oil
The analysis of the chemical components of the essential oil of L.
grandis was determined by gas chromatography-mass spectrome-
try (GC-MS) using a Shimadzu GC-17 AAF, V3, 230 LV apparatus.
The samples were diluted in dichloromethane at a concentration
of 10 mg/ml when 1 ml was injected in a system equipped with
a HP5-MS (30 m  0.25 mm  0.25 um) column; injector split ratio
of 1:50. Helium was used as carrier gas at a constant ﬂow of
0.6 ml min1. The injection port was set at 250 C and the temper-
ature cycle used was initially 50 C, ramping at 3 C/min for 3 min
to a ﬁnal temperature of 250 C and kept for 15 min with the detec-
tor at 280 C. MS operating parameters: transfer line temperature:
240 C; electron impact ionization at 70 eV with mass scan range of
40–284 m/z at a sampling rate of 0.03 scan/s; ion source tempera-
ture: 200 C. The components of the essential oil were identiﬁed by
comparing their mass spectra with theWiley 275 and NIST spectral
data catalogues with authentic mass spectra and their retention
indices (RIs) relative to C8-C20 n-alkane series in a linear temper-
ature-programmed run, following the methods described by
Adams (1995). Data were acquired by GCMS Real Time Analysis
(GCMS Solutions, Shimadzu Corp.) and processed using GC Image
software, ver.2.1 (GC Image, LLC, Lincoln, NE).
2.5. Antimicrobial assays
2.5.1. Micro-organisms and culture conditions
The bacteria used in the microbiological assays were obtained
from the culture collection of the Enterobacterial Laboratory (LA-
BENT) of the Department of Bacteriology of the Oswaldo Cruz Insti-
tute in Rio de Janeiro (FIOCRUZ-RJ). The yeast C. albicans was
obtained from a clinical sample donated by the Celso Matos Clini-
cal Analyses Laboratory in Santarém, Pará. Four strains of Gram-
negative bacteria were selected for the present analysis – E. coli
(ATCC 35218), E. coli (ATCC 25922), P. aeruginosa (ATCC 27853),
Klesbisiella pneumoniae (ATCC 700603) – in addition to three
strains of Gram-positive bacteria – S. aureus (ATCC 25923), Entero-
coccus faecalis (ATCC 51299), and E. faecalis (ATCC 29212). The bac-
teria were cultivated in Brain Heart Infusion Broth (BHI) at37 ± 1 C. C. albicans was cultivated in Sabouraud dextrose agar
(DAS) at 27 ± 1 C. The inoculi were prepared by the direct inocula-
tion of colonies in 1 ml of sterile saline solution and adjusted to the
0.5 standard of the McFarland scale, corresponding to 1.5  10
8 CFU/ml for the bacteria and 2 to 5  106 CFU/ml for the yeast
(National Committee for Clinical Laboratory Standards - NCCLS
M2-A9, 2006; NCCLS M27-A2, 2002).2.5.2. Agar disk diffusion method
The standard agar disk diffusion method (Bauer, Kirby, Sherris,
& Turck, 1966) was used to evaluate the inhibitory spectrum of the
essential oil against the micro-organisms analyzed in the present
study. The bacterial inoculi were seeded on Mueller Hinton agar
(MHA) solidiﬁed in Petri dishes, in such a way as to produce uni-
form growth throughout the dish. Once the dishes were prepared,
6 mm-diameter discs of ﬁlter paper containing 10 ll of the undi-
luted essential oil were pressed lightly against the surface of the
agar. After 30 min at room temperature, the dishes were incubated
in a bacteriological oven at 37 ± 1 C for 24 h. For the cultures of C.
albicans, incubation time was 48 h, at 27 ± 1 C, and the substrate
was Sabouraud dextrose agar (DAS). For each micro-organism
tested, the viability of the strain was evaluated using the standard
antimicrobial agent most appropriate to that strain, following the
same procedure, with commercial discs. At the end of the test per-
iod, the diameter of the inhibition zone formed over the agar cul-
ture was measured in millimetres. All tests were conducted in
triplicate and the inhibition zones formed in the experimental
dishes were compared with those of the controls.2.5.3. Broth microdilution method – determination of the minimum
inhibitory concentration (MIC)
The MIC was determined for each of the micro-organisms that
were found to be sensitive to the essential oil in the standard disk
diffusion test. The microdilution test was conducted in 96-well
plates according to the M7-A6 protocol of the NCCLS (2004). A dilu-
tion series of the essential oil was obtained using 1% Tween80 solu-
tion as the solvent. The ﬁnal concentrations were 9.2, 4.6, 2.3, 1.15,
and 0.57 mg/ml. Each well received 100 ll of the speciﬁc concen-
tration of the essential oil and 100 ll of Mueller Hinton broth
(MHB) inoculated with the test micro-organism (1.5  104 CFU/
ml). Ampicillin diluted in sterile saline, was used as the standard
reference, in concentrations equivalent to those of the oil. The ste-
rility control wells contained 200 ll of MH broth. The positive sol-
vent control was completed with 100 ll of 1% Tween80 solution.
The ﬁnal volume in each well was 200 ll. The microplates were
covered with paraﬁlm and incubated in a bacteriological oven for
24 h at 37 C. Inhibition of bacterial growth was conﬁrmed by
the addition of 20 ll of the aqueous solution of resazurin (0.02%)
and re-incubation for 3 h. The inhibitory concentration was indi-
cated by the blue colouration of the wells following addition of this
solution. A change of colour from blue to red indicated the pres-
ence of live micro-organisms. The MIC values were deﬁned by
the lowest concentration of the essential oil which inhibited the
growth of the micro-organism. Each test was conducted with three
replicates.2.6. Statistical analyses
The results are presented as the mean ± standard deviation of
the values obtained. The statistical signiﬁcance of the differences
observed between experimental concentrations and controls was
evaluated using Tukey’s test, with a p 6 0.05 signiﬁcance level.
The analyses were run using the Prism programme version 3.0.
Table 1
Chemical components (%) identiﬁed in the essential oil of Lippia grandis Schauer.
Compound Retention
time (min.)
Essential oil
composition (%)
Monoterpenes
Hydrocarbons
a-Thujene 4.68 1.13
a-Pinene 4.85 0.8
b-Pinene 5.93 0.34
b-Myrcene 6.28 1.42
a-Terpinene 7.06 0.83
q-Cymene 7.33 11.64
Limonene 7.44 0.42
c-Terpinene 8.45 2.07
Ether
1,8-Cineole (eucalyptol) 7.55 0.74
Alcohol
cis-3-Hexen-1-ol 3.35 0.18
Linalool 9.96 3.32
4-Terpineol 13.03 1.1
Phenols
Thymyl methyl ether 15.48 2.02
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3.1. Chemical analysis of the essential oil
The quantitative and qualitative results obtained using GC-MS
are presented in Table 1. A total of 95.16% of the chemical compo-
nents were identiﬁed, and the essential oil of L. grandiswas charac-
terized by a predominance of monoterpenes (73%) and
sesquiterpenes (22.16%). Regarding monoterpenes, the main com-
ponent was the phenolic monoterpene carvacrol which repre-
sented 37.12% of the composition of the essential oil, followed by
its precursor, q-cymene (11.64%) and thymol, in a smaller quantity
(7.8%). The monoterpenes carvacrol (4.0%, 50.13%, and 16.73%), q-
cymene (21.1%, 10.63%, and 7.13%) and thymol (27.4%, 4.92%, and
56.67%) have also been found in Lippia chevalieri, Lippia gracilis,
and Lippia sidoides, respectively (Botelho et al., 2007; Neto et al.,
2010; Oliveira et al., 2007). Some components of the essential oil
of L. grandis are already used in perfumery and cosmetics indus-
tries, such as limonene, linalool and 1,8 cineole, which are exam-
ples of fragrance chemicals (Salvador and Chisvert, 2007).Thymol 18.07 7.83
Carvacrol 18.63 37.12
Esters
Thymyl acetate 20.66 0.57
Carvacrol acetate 21.46 1.47
Sesquiterpenes
Hydrocarbons
b-Elemene 22.24 0.46
b-Caryophyllene 23.37 3.93
a-trans-Bergamotene 24.09 2.58
a-Humulene 24.78 0.37
b-Farnesene 25.01 0.3
b-Selinene 26.13 0.98
a-Selinene 26.53 0.42
S,Z-a-Bisabolene 26.90 0.4
b-Bisabolene 27.16 3.72
b-Sesquiphellandrene 27.74 0.36
Phenol
3-tert-Butyl-4-methoxyphenol 26.65 6.91
Ether
Caryophyllene oxide 30.07 1.73
Total identiﬁed (%) 95.163.2. Antimicrobial assays
The values for the diameter of the growth inhibition zones and
MICs of the essential oil of L. grandis for the different micro-organ-
isms tested in the present study are shown in Table 2. In the agar
disk diffusion test, the essential oil presented antimicrobial activity
against 75% of the micro-organisms tested, and was invariably
more effective than the standard antibiotics tested for these
strains. All three strains of gram-positive bacteria - S. aureus (ATCC
25923), E. faecalis (ATCC 51299), and E. faecalis (ATCC 29212) -
were sensitive to the essential oil, in particular S. aureus ATCC
25923 (mean halo diameter = 33.9 ± 0.6 mm). The next most sensi-
tive strain was E. faecalis ATCC 51299 (resistant to high levels of
amino glycosides), for which the mean halo diameter was
24.5 ± 1.6 mm. For these two strains, in addition, the mean diame-
ter of the halo provoked by the essential oil was signiﬁcantly larger
(p 6 0.05) than that caused by the standard antibiotic (Gentamicin,
10 lg) under equivalent methodological conditions. In the case of
E. faecalis ATCC 29212 (sensitive to Aminoglycosides), however,
the effect of the essential oil was not signiﬁcantly different
(p 6 0.05) from that of the standard antibiotic.
In the case of the gram-negative bacteria, the essential oil of L.
grandis inhibited the growth of both strains of E. coli, with a mean
inhibition halo of 29.3 ± 2.3 mm for E. coli ATCC 35218 (b-lacta-
mase-producing strain, which is resistant to betalactamic antibiot-
ics), whereas the standard antibiotic (Ampicillin, 10 lg) was
completely ineffective (no halo). In the case of E. coli ATCC 25922
(negative for b-lactamase), the essential oil provoked a mean halo
diameter of 22.7 ± 0.6 mm, which was signiﬁcantly larger
(p 6 0.05) than that produced by the standard antibiotic
(18.3 ± 0.6 mm).
In K. pneumoniae, the essential oil provoked a mean inhibition
halo of 9.8 ± 0.3 mm, considered to be an intermediate level of sen-
sitivity to the oil, when compared to the standard antibiotic (Nor-
ﬂoxacin 10 lg). In the case of P. aeruginosa ATCC 27953 (sensitive
to Norﬂoxacin - 10 lg), however, the essential oil did not inhibit
the growth of the micro-organism. These results are consistent
with those of other studies, which have shown that, of the gram-
negative bacteria, P. aeruginosa is the least sensitive to the action
of essential oils (Cosentino et al., 1999; Sivropoulou et al., 1996).
Under the experimental conditions of the present study, the
essential oil of L. grandis did not inhibit the growth of C. albicans,
despite the fact that the essential oils of other Lippia species have
been shown to have an inhibitory effect on this yeast (Botelhoet al., 2007; Oliveira et al., 2007). The standard antibiotic – Fluco-
nazole (50 mg/ml) – was ineffective against this strain, which was
obtained from clinical samples.
In the broth microdilution tests, the essential oil presented anti-
microbial activity with MIC values of 0.57 mg/ml for E. faecalis and
1.15 mg/ml for all other strains (Table 2). The solvent used as the
positive control in this test did not indicate any activity for any
of the micro-organisms tested. This procedure permitted the deﬁ-
nition of the minimum concentration necessary for the production
of inhibitory effects. This is important in order to avoid erroneous
conclusions in future trials, in which the use of lower concentra-
tions might lead to the interpretation of resistance in the micro-
organism tested.
Essential oils that have antibacterial properties generally present
relatively high concentration of phenolic compounds, such as carva-
crol, eugenol, and thymol (Lambert, Skandamis, Coote, & Nychas,
2001). Given this, the phenolic compounds and their inhibitory
mechanisms have been tested in a variety of micro-organisms, both
in vitro (Nostro et al., 2004) and in vivo (Adam and Zapp, 1998).
Sivropoulou et al. (1996) and Lambert et al. (2001), for example,
attributed the antimicrobial action of oregano to its content of
carvacrol and thymol. The inhibitory effects of carvacrol have been
recorded in a number of strains of bacteria and fungi, including
S. aureus, Staphylococcus epidermidis, Salmonella typhimurium,
Table 2
Antimicrobial potential of the essential oil of Lippia grandis Schauer, evaluated using the agar disk diffusion method and microdilution in broth (MIC).
Micro-organism Mean ± SD diameter of the inhibition halo (mm) MIC (mg/mL)
AMP* 10 lg NORa 10 lg GENa 10 lg FLUa 50 mg/mL Lippia grandis (10 lL)
(+) Staphylococcus aureus (ATCC 25923) nt nt 19.3 ± 0.1 nt 33.9 ± 0.6⁄ 1.15
(+) Enterococcus faecalis (ATCC 51299) nt nt 12.6 ± 0.6 nt 24.5 ± 1.6⁄ 0.57
(+) Enterococcus faecalis (ATCC 29212) nt nt 11.7 ± 1.5 nt 13.0 ± 0.0 0.57
() Escherichia coli (ATCC 35218) ana nt nt nt 29.3 ± 2.3⁄ 1.15
() Escherichia coli (ATCC 25922) 18.3 ± 0.6 nt nt nt 22.7 ± 0.6⁄ 1.15
() Klebsiella pneumoniae (ATCC 700603) nt 19.6 ± 0.9 nt nt 9.8 ± 0.3⁄ 1.15
() Pseudomonas aeruginosa (ATCC 27953) nt 24.0 ± 0.0 nt nt ana nt
Candida albicans (clinical sample) nt nt nt ana ana nt
* p 6 0.05 for comparison between means;
a AMP - ampicillin; NOR - norﬂoxacin; GEN - gentamicin; FLU - ﬂuconazol; na - not active; nt - not tested.
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albicans (Cosentino et al., 1999; Friedman, Henika, & Mandrell,
2002; Nostro et al., 2007; Rivas et al., 2010).
Thymol, which has a similar structure to carvacrol, differing
only in the position of the hydroxyl group on the aromatic ring,
has also been shown to be active against E. coli, S. aureus, S. epide-
rmidis, Listeria monocytogenes, C. jejuni, and S. enterica (Cosentino
et al., 1999; Friedman et al., 2002; Nostro et al., 2007; Rivas
et al., 2010). Nevertheless, the relative position of the hydroxyl in
the phenolic ring does not appear to have any major effect on
the antibacterial activity of the compound (Lambert et al., 2001;
Ultee, Bennik, & Moezelaar, 2002).
Most of the studies of the mechanisms of the action of phenolic
compounds have focused on their effects on the cell membrane, gi-
ven their hydrophobic nature, both carvacrol and thymol interact
with the lipid bilayer of the cytoplasmic membrane, resulting in
a loss of integrity and the escape of intracellular components
(Helander et al., 1998; Lambert et al., 2001; Sivropoulou et al.,
1996).
Both carvacrol and thymol provoke the disintegration of the
external membrane of Gram-negative bacteria, liberating lipopoly-
saccharides (LPS) and increasing the permeability of the cytoplas-
mic membrane (Helander et al., 1998). However, a lack of
effectiveness against P. aeruginosa has been recorded in a number
of studies (Cosentino et al., 1999; Sivropoulou et al., 1996).
The effectiveness of the bactericidal activity of thymol and car-
vacrol may also vary according to their concentration in essential
oil (Silva, Duarte-Almeida, Perez, & Franco, 2010). However, Cho-
rianopoulos et al. (2004) concluded that the antimicrobial activity
of these oils is not due solely to the presence of carvacrol and thy-
mol, but that the presence of other components at very low con-
centrations may result in synergic, additive or even antagonistic
interactions. There is some evidence that components present at
lower concentrations than the phenolic compounds, such as c-ter-
pinene and q-cymene, may interfere in the antimicrobial activity
of the oil through synergic effects with the other components (Sil-
va et al., 2010). Baydar, Sagdiç, Ozkan, and Karadogan (2004), for
example, tested the essential oils of Satureja cuneifolia, which is
53.4% carvacrol and thymol, and Origanum minutiﬂorum (in which
the concentration of these compounds increases to 86.3%) and
found that the oil of S. cuneifolia is the more effective antimicrobial
agent, which they attributed to the presence of higher concentra-
tions of q-cymene and c-terpinene. However, when these com-
pounds are tested on their own, they have no inhibitory effects
on any micro-organism (Sivropoulou et al., 1996).
The probable absence of antimicrobial activity in q-cymene,
which is a precursor of the phenolic monoterpenes, has been
attributed to the absence of the phenolic hydroxyl group in this
hydrocarbon (Sivropoulou et al., 1996; Nostro et al., 2004).
However, Ultee et al. (2002) demonstrated that the hydrophobic
nature of this compound allows it to act in a similar fashion tocarvacrol, with which it acts in synergism. These authors neverthe-
less report that the presence of the phenolic hydroxyl group, asso-
ciated with the system of electron transport, may be more
important for the antimicrobial activity of the phenolic compounds
than their capacity to expand and thus destabilize the membrane.
The importance of the electron transport system is emphasized by
the absence of antimicrobial activity in menthol in comparison
with carvacrol (Ultee et al., 2002).4. Conclusions
Overall, the antimicrobial activity of the essential oil of L. gran-
dis appears to be related primarily to its phenolic components, car-
vacrol and thymol, the action of which is ampliﬁed by the presence
of q-cymene. Also, it is possible that other components present at
much reduced concentrations may also be acting synergistically
with the main compounds. Nevertheless is clear that the essential
oil of L. grandis contains chemical compounds that could be impor-
tant for the treatment of infections caused by micro-organisms.
This reinforces the conclusion that the traditional use of certain
plants can make an important contribution to medicine and the
development of a basic system of primary health care can also be
used by the food industry.Acknowledgments
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